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(54) TRANSISTOR POWER AMPLIFIER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power amplifier in which an 
effective gain control voltage range is wide. 

SOLUTION: The base of a transistor Tr11 for amplifying a power is 
connected through a bias resistance R13 with a gain control power source 
Vbb. Therefore, the transistor Tr1 1 for amplifying a power is directly biased 



from the gain control power source Vbb through the bias resistor R13, 
instead of a transistor Tr12 for driving a base until the transistor Tr12 for 
driving a base is turned on. Thus, an effective gain control voltage range 
enlarges by only the portion of an on-voltage between the base and emitter 
of the transistor Tr12 for driving a base. 
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(57) 

«#*»««Vbbfcfc/W7XSttR13£*LT»MT 
£>„ C <7) J: 5 \Z IT, ^ — XlEUjffi h zf >yXTr!2^ 




( 2 ) 

i 

nrntftemztix* ^-xizxtiznrzmHzm^LT 
ten u^^ffi»ffl«ag^«n«$n, ^-x*dffj»»j^ffi 

««**«*3*lfciB2 h7>y^^t, 

2 ] if Htm l «cg2«(D h 7 >vX^«^ifiH 
±35fiJliaiaiffl«iig<os/Efi, ±S2SS i h^>$>xy© 

^-X -15 y ^Pfl^*>«JE<i:«)fa^TT*5 

Witts b 7>i?x*mtimmmo 
±tEuu? ?fr*>ihjj-rz>mi h^>vxy<t, 

l:±C*l h7>^x^©^-x^fttt$n. nl/^ 
fen ^-xfcfiJftfMfliffi 

#A7}*S^<t:, 

/H^-7h7>y7^t»fiKSnS(!:ftl:, 15^ 

±IBIfS 2 h 7 >v X ^ <D^-X 1 h7>y*X^ 40 

ZftWL b 7 > vX*«7jJf lag. 

[»*ii5] /H^-7h7>yX^t«l^$nSi 

sasa*Sf££ft, ^- A(c-r > e-y > xsf^isiss^fls 
fcA^$n^m^Srii^LT±i23 ^^^tti77-r>5 

1 K ^ > X ^ <!: , 
/H^-7h7>yX^-Cifig$n-5i:^l: l X 5 >y * 
CigB^l h7>y7^0^C-X^^i$n, 3U^r^ 50 
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±§E!fS2 N7>yX^O^-7t>f>t:-^>7S^@ 

±!S/U^-7h7>yX^U, #U A t^{fc-&^¥ 
i^fD|^/H^-7 h7>yX^t?fe§C<h£^ 

[ 0 0 0 1 ] 

[%0^©it ^Sffifrf?] 

[ 0 0 0 2 ] 

^iHlfrf£;&**J^T&£ > 'j3>NPN/W#-7 
5^X* *3 cfc # U yAtif^M^AfO^/W 
^-7h7>yX^(P;T, GaAsHBT<hll&*fc-r*)a* 

[ 0 0 0 3 ] ^HC. ±IBGaAsHBTfiyUa>/H^ 

[ 0 0 0 4 ] 11 7 le, /H^-7h7>yX^^ffll^c 
Xa y ^l^±til^m^ti^§§^^3fecO[E]gS^^^^-ro EI 

TrlliS^«iffi/H#-7h7>yX^r.* 
0, Tr2tti^««l/W#-7h7>yX^Trl(0 

ccnm^iiits^/N*-f h ^ > vxy (j^t, mizm 

fjm^m h7>yX^chf ^)Trl & £ ^ - X igifrffl 
A*<#-7 h 7>vX* (J^T> J&lC^-Xffilfrffl h ^ 
>> 7 A^^a*e>) Tr 2 on U^^i^Tfc 0 . Vbbte 

0, Rl^i:tJfR2fi^-Xllffih7>y7^Tr2 
0^-XlEiiffl/H7XfijST^So fit, 

izAttmsmm 1 ^^brm^ii^ffl h ^ > ^ x ^ t r 

l(D^-XCA775tl, i*«fifflh7>yX^Trl 

[ 0 0 0 5 ] ±IS^< — Xffif&ffl H ^ >vX ^ Tr 2 H, 
m^H'tSffl h7>yX^Trl©^-Xii^^I^{; 

3 ^miivcc^e^^-rs c tiz&^>T#m®mm 



3 

■ vbb*»6««"r<**«»«*p«* i bbz&ML* mm 

*M»«»«JKVbbA^««-r^€?«»lfcl»«* I bb<D 
fcf*jtaLfcV*»*fcJt^T*fc< £*> 1 0#CD 1 

T # 3 d £ k: o 
[0006] #J;U;f, GSMr^r v * ;H: )l 7 ftiSffl ft 

ni/^^iMiEVcc^4. 8 vt^o, ^77 

T , mtimmft h 7 >i?X? Tr 1 <DmffiM$%&$: 1 0 
1. 2 5 AO?^Dl/^^f»ft^Btt 
fcfi&fCte 1 2 5mA(D^-X^gi£^^^<h/cC 0 . _b izti » 

cfcoTfim*«Ifl)««t I bb£ 1 05>Ol fc fi£ M ~C # -5 C £ 
f'J#^II?mSft I bbte 1 2. SfflA-Tct^CitC^ 

[ 0 0 0 7 ] ±E*j««)«yjiB«»-C«, ±E?iJ*M*P 

sffivbb«r«^$-&* - £ j: o xmtimmm b 7 >v 

fflh7>yX^Trl ©fiJ»**ftS-tir*C 

*a«ofijfi*»na?-rso-e*a, _h f £ ^ 7^ *t ffl 

h7>y7^Trl <0^ — XSam&*3cktX«^lii|iffl N 
££»?t#j£I*j£. m^if*Sffl h7>yX^Tr 1 T?Jf« 
[ 0 0 0 8 ] 

^-X-xa 7^flCH y'j3>/H^-7h7>y 
X^Oi^CHO. 7V1S, GaAsHBT©«^l:li 
1 . 3 Vg«©t >tE^#ffit5 u d:l:Bi LT. ^ 

[0009] ( i ) mi omm 
msiz. m7 {z^^ft&nmtjm^&iz&i-tzzi u ? ? 
mm i cc t%\mmmmiEvbb£(Dm&$:7i<-?o ^ /\*-r 

^-7h7>yX^©^-X-I$7^f B 1©t>tE^ 
V b i £ L fc^-a , ^ — XiKIfr/S h ^ >:>*X 9 Tr 2 tf)^< 
S h?>iSX?TT 1 <D*>W. 

JEtt, ^7^/ii«liffl h7>y'X^Tr 1 <£>:*> ^JE V b i <h 
^ — ^mWim h7>y*X^Tr2 CD * > ^JdE V b i £ (D fa 
T*&iT 2V\)\£te&. Lfz&r>T* _k IB f ij ^ M 'M M M 
VbbffifrZJLfrmJjmmm h7>yX^Trl0t>i 
/3E (£AT, *i^^^>^JEi:W^) Vbb_onte, / W 7 X 
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Vbb_on = 2 Vbi + A Vbb 

[0010] C<Olf«S3f >«ffiVbb_0B*"C«, p h 
7>yX^Trl,Tr2Ht>Lfci:^0T, $iH#filf93l 

ffivbbos^fit* vbb_max^-r^> t % l»* 

Vbbff= Vbb_max- Vbb_on 
= Vbb_max- ( 2 Vbi + A Vbb) 
10 £ Z> • 

[ooii] gsmi^t^ ispju-tfr^mmft 

W.&\m%tffitiL<D 4 . 8 V7&«£8ET&S. bfc^oT, ^ 
J»*iJ^«I»«ffiVbbwco«^:filtt, »*#Jf§*»liiPttflEVb 
bjax^tIiE(?)4. 8VST*^A, £"3, / W 7 X 
IriR 1 K JcSmJEI^T A VbbSriiaLfcfrst, Jt iffi 
CD ;T<h < *> U n WW tf - ^ h >zsX*(Dl->W l }£V 
biteO. 7 VT&9, GaAsHBT(Dt>lEVbi^l . 
3Ve^^.^f), y'j3>/H#-7 h7>yX^Wi 
20 £fCteVbbw= 3 . 4 V £ft 0 . GaAsHBT0i^{:(j: 
Vbb=2. 2 Vt^§. 

[0012] ±ffi«#*5fc©5gfca'h3!-IB 
fi^fc: £ El * tz & tc yf'Jfe 'h S! ■ ^> 

frtsct^isns. £.?.?>&, /\'7fu ^>minmjE 

^3.6Vt LAc^^fCfi, **fiJfiWWmJBEVbb_max 
^tllE^)3. 6 V^-TtA, to, /H7XfittR 

lCctstE^TAVbb^i^i/ittTfc, Myfrmn 

30 «iJWmBEVbbw<OS*iiJ4, yij3>/Hl-7h7> 
S/X ^ ©»^(Ctt Vbbw= 2 . 2 V £ft 0 , GaAsHBT 
<7)^^fCtiVbbw= 1 . 0 V ^5, I^IEW 
4. 8V^63. 6V^(Dffi'bmiZ7 5%T^^><D{C^U 
T, Vbbw<D«/h*tt, y'J 3>/H^-7 h7>yX 
9 (Om^-C 6 5 %. GaAsHBT(0i^t4 5%i, ^ 
ag*ffi©*/h*»±K:j8S»«»IM»«ffi*««/J^tlTb 

[0013] Uc^^T, 3 . 6 V t Lfcii 

40 **^7ii««(c^(t«nft(OffJ*fMf9*iRVbb 
fC M -T ^ ttff AME t&oTLi^, iEffi & « 

[0 0 14] ±I5/W 7XljnRll:J:^l 

jei^t a vbb^^^-r^ - tfi-c^-r. ^^^it#$ijfpm 

ffi Vbb_max«m/EI^T A Vbb#fc: ttteT-T * . $ b tc, 
^CGaAsHBTOi^Cti^-X-X^ 7^^©t> 
m/E V b i ^iS5 ^fz & tc , #7V:f' H# ^J^^/l V bb_max 

50 [0 0 15] ^©J^ilff T^ffl^n^2pV-f ^7 D^U± 
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(8 0 0 MHzK±)©ffli»IS«T«. GaAsHBT 
It. y 'J 3 >/H ^ - 7 H 7 > ^ I: It I Tit El 

ftm<Dmt>tttn®m&&< . m*©?*** a attests is 

[0016] (2 ) ffl 2 COP^H 

ii, m^iitPlffi h 7 yVTs* Tr 1 o^-x^mft&ct 
tfmTJiffl/B h 7 > y X ^ T r 1 CO ^ — X a, Am* 
COA^m^C£££*tfJ^®J^\ m^ifliffi h -7 >~>*X 

n £ co t $> z> . 

[00 17] ^©^c, Afjmmzx^xmtimmm b 

7>yX^Trl CD ^ — X - X ^ 7^Ktff^±#t5 
^-Xliffl h 7 >>>X 37 Tr 2 7&> £JL3 tmtim 
mm h 7>yX^Tr 1 <D^-X £^-XiE»j/8 h ^ > 
yX^Tr 2 CDX^ -y * te 1^ # Id , X 

igUjflJ h7>yX^Tr20^-X-I5 >y ^H«flE« 
f£<&9, ^-XfgUjffl h7>yX^Tr2 fCck£m*> 

h7>yx^Tn o^-xii«**<isnr 

L^Oo ^(Dtc&lZ, mtim^m h ^ > vX * T r 1 CO 
^-A-X5 y ^IC^SEf 5*->^JEa<, A 77 f§ ^ (C 
cfcatij^^ffl h7>yX^Trl ©JElb^-SBtBS-r 

Tr 1 <D^ — A-X5 -y ^^fc^^E-r-5^->mJE^, _b 

ta ^ - x ( c a a s n & m sk <o tf - * fi & § ii ( i jg >fi £ m 

[0018] S^jiSi|®S<0«i^^- HtlTtt, 
AJRcfccfctf A Blft - Vbb>Vbb_on 
Blft - Vbb=Vbb_on 

cm - Vbb<Vbb_on 

iu vbb : mmmmmEE 

Vbb_on : if «i£ ;t > m JE 

fCfrSfl, ft^A^B#{CA^ft^(0 1 ««||Wt*lr^T« 
y^^i^ffl h7>yX^Trl X LTl^fflK*«fi< 

msiziz. w&ffl'fflmfcvntf&TLT c 

flgffl h 7 > y X ^ T r 1 C0^\ — X ~ X 5 y ^ Pel (C W ft T 

=e - k # c m k & s n m n & m m t u z> <n -c & 3 . 

[0 0 19] ±j£Lfc$n< . 51ft, GSMfCOfi'y^ 

^„ ^ — Xlgffjffl ^7>yX^Tr2^^b 

f#*IfWmffi Vbb.naxf* 3 . 5 VSSS -elSTtS©^- 
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##J-C&S. ±IE/W TXjgtriR 1 CD^JEPS 

TAVbbte. /H7XSlnR lt/H7XSUi:R2iO 

y'j3>/H^ - ^h5>>^X^CD:*>mEEVbiteO. 
7Vt^0, GaAsHBT0t>tEVbill 1 . 3 V Tf 
& <£> £ > 

Vbb_on = 2 Vbi + A Vbb 

h 7 VvX^^^^tr JlVbb on=l.4VtftO, G a A 
10 sHB T<Dm&lZfcm$&2s* >iEVbb_on= 2.6Vi 

LfcjO^T, Hno;H^-7h7>yX^$ffl 
l^ci^T't), ±!BA*7f l J©i^tE<i:lT4.8V 

Lfcii^fc*3^SS*fiJ^Wffll«ffiVbb_iBax = 
3.5VJ;0i<, A' 7 fUfllE<!:LT4.8V^i 
/8T£*§£fCte, ^7}ii*IJ8 h7>yX^Tr 1 it. A 

[0020] iicztf* ±&m&ffij£<D&f£z>'bm'& 
20 mm 3±:)\,m&m&tmi&&z>m* o m->nm 1 
ft^<Dn&mT(Dtz.&\zm*m'&mwni£vbbja<ixiz 

2.2VggStlTlTLS7. CCD^-^JCti, 
>yX^<hlTGaAsHBTSiffitS<!:, S^fiJ^a 
fPmmVbb_niax= 2 . 2 V fctif S^t >^/E V bb_on = 
2.6V < t0fefi<J5:0, m^ifSffl h 7 >y*X^Tr 1 

WtTlTL*9. $ A*« ^-cOl/^;Uic^J(51 

30 ®«<k 0aS2"J<hfr*. 

[ 0 0 2 1 ] f^i, N7>yX^<i:lTy'j3>/H#- 
7h7>yX^Sttffif4«^H GaAsHBT^ilffl 
*tZ>m&£. 0 ii^^^->m/£Vbb_on^fg:^CDT, ±IB 

■T^^^tCH, GaAsHB T<7)«^i:|3I«(C±SBraje** 

[0022] ^©j^iiff-e^ffl^n^mv-r ^ a»^± 

(8 0 0 MHz^±)OH^ti^tli, GaAsHBT 

mmmmiz^g < n^-rzrztbtz* tmomm&M&L 
mjjmm&t itGaAsH b TZQim *jmt-?z>m 

[ 0 0 2 3] fCt, CO^itOlWtt. HS&fiH#»J«B 
77m/EcoA#^ h ^>^X^m^ii*ii§^^#^T^Ci: 
[ 0 0 2 4 ] 
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/X-f h 7 >iSX ? T"ffif&ZnZ> £&lZ, X5 y * 

wmmzn, *-xizm'&mmmmm&&mt<nfzm 2 

h7>y'X^t, ±f2*iH#ftJPffl^flI£±f2ffS 1 
^X*<&^-X££«lfc$nfc«ffi£«*fcC t ttftm 
tbt^S. 10 

[0025] ±iB«i^*w<fcn«, fij^ftijwfflftiaitc^- 

2*i;t&*a£;frLT, ±K«»*lfl|iffl«JRK:«koT±E 

32ffJli»Jffllffl«ffi[(c <fc**&flm*iJfSP«JEttBa*, ±§2 
fg2 h7>yX^^^lTO)^±a2il h7>'>7^$ 

/x-f r x-t2>m&<Dm%>m&fflmmi£mm<k 0 ±12 

12 h^>v?X^£)^-X-X5 >y ?ffl*>mj£ftfztf 
&*£*i>5o 20 

[ 0 0 2 6 ] Sfc, ffl*#Jl 2 JC«£5S*BB:. |f ^Ji 1 \ Z 
%Z>5£W(D h 7 > v X ^ «***»K:*5^T , ±I2#H# 
^Wffim^©mJE«, ±15^1 h^>i^X^<7)^-X- 
15 -y ?m?t>m}££±BZm2 h7>yX^W^-X- 

[ 0 0 2 7 ] ±E*riilCJ;tl«. If 1 K0$Sfggia> 

-i$^f B it>iE^fc'^$n§, Uc^t, 30 

±C?lJ*MfPJll*X0>*£*<±KfR 1 h5>>>X*CD^ 

-X-X5 y ^P3*>mJE<h©*D^TT&oTfc, ±12 
f'J^©JfBffi«iKfCcfc-3 Til 1 h7>y7^(D/U7X^ 

[ 0 0 2 8 3 Ifefc, M«^3 lzmz>5£W\Z* /W^-^ 

-3 \s 2 *?\z-3 u# pmmmnMtf&ffiztiT, ^-x c 

1 h^>^X^t, /X-f #—7 h^>y?X^T 5 ^^$n 40 
£ ii&JC, X5 y ^ (C±f2!g 1 h 7 >zsX*<D'< — Xtf 

-xKW»MWjflM#»i*£nfcjfS2 h ^ > ^ x 9 

±f2fgl h 5 >->7^< ><&^-XlCfI ^^A77~r 
^/ta6(7Dff ^A77^T"i , ±f2ff! 2 h 7 >yX^O^- 

x tm^Attffi^t z-r >z-y>x\m&*:ffi 

[ 0 0 2 9 ] ii*3S4 JZ^S^WJi. /X-ftf-^ 

3 u^^jczi i/^^Mjfflii^^$nt,^-7>(; so 
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A77 <*nfcfi-^£i§i&S LT±I2 3 U**a>saj;fc*r*£S 
1 h7>yX^t, /H^-7h7>yX^ti^$n 
3£&tC,X5 y3MC±I2fg 1 h ^ >->*X^C0^-X^ 

-7.\zmnmmmnmifi\&mi*ntzm,2 h 7 >yx^ 

eh, ±I2£I2 h^>i^X^(D^-X<h±f2!f§ 1 h^>v 
X^O^-X >fcf — y>XlsJ88£<I*-fc 

[ 0 0 3 0 ] If #JS 5 \z%z>%m\±s /t^tf-* 

> e-^>xfi^isi»?5«««i!$nT, ±a2-r > tr-y> 

X^®&£;frLT^-XfCA^£nAcm^£^LT 
±123 l/y* ^6ffl73-f Sfg 1 h^>>>X*<h, /X-T# 

mi S7>yx^(o^-7^^$n,3i/^^i:3i/ 

[ 0 0 3 1 ] If fe5^H»*^4 &5 Wiit#iS 

5 (Dm&LlZ ft #A?J$Si^<&5^i3;Sg 1 h^>v 

X ^CD^-X&S tMi-f > fcf — ^>Xg^lfiIS&f*3 £^ 2 
h 7>yX^©^-Xt^^Ltl^'f > tT-y>X 

m^<D^c >e-y>x^i^M-r^ci:(ZcfcoT, ±i2-r 

>fcr-y>X@»**LT«tt£*l-0>*±e*2 h7 
>yX^(Z)X5 ^y ^©tlii^- X<D«&<B3£8SWte*B 
^{itS^I^+SfC^^c lf;7)ioT, A^fi-^tCctoT± 
12^ 2 h 5- >yX^OIS ^y ? m&rf &$%lz . ^ 

-Xlfifei^^nt, _hl2^2 h7>yX^©^-X 

-i5 v *rd«ft©teT#ffl*sn*. ^o^^, ±12 

^2 h 7>> ? X^tC<fcS±IB^ 1 h7>yX^0^-X 
Kftftrt©ttT#l»JhSnT. M»o«T*«B6jk$n 

So 

[ 0 0 3 2 ] Sfc, lf^^6 fc«S%^«, 19*31175 
111 5 C0Hn^-^(If2m^ 

■ CiliT, ±IB/X< ^ h ^ >vX^«, GaAsH 

[ 0 0 3 3 ] ±E«*tJ:ntf. ±l2/X-f^-^ h ^> 
yX^ilty'J3>A'<^-7h7>yX^^^fflL 
^c^l^fCit LT^-X -X5 »y ^W^->«ffitct^:€r 

if^Ji l (c^s^bjco h ^ >->'x^m77ii«!«i 
scorns tmmiz, *»»mmmmmtfi*2 h^>vx 

^(D^-X-X5 «y >m/E7^fc^^A$tlT^^ 
COT. +^»C*iJ^«i|»^fT^n-5. Sfc, ±I2^^(CJ; 

y U □ >/H /p - 7 h 7 > y X ^ * iffl l fci^ 
£Jt UT?iI»IWI*ffi«aR*^eM.fc» 1 K^>^X^(D 
^>«flEtt^c#^. if*JS 3 7iMMf &m 5 CO 

isrn^ — o«c^*fg^o h > i; mtimm?g<Dm& 

tmmtZ, AT^ff ^^^^±12^ 2 h 7 >vX^O^- 
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x-x^ y *ram{4<a(£Ta*tti$d£n5. l^^ot, 

[ 0 0 3 4 ] 

-r^-^h^>5>*x^ (sat . njim^mh^yisx? 

<htBg^-T^>)T^ 0 > yij3>NPN/H^-7h7> 
yX^^5lMiGaAsHBTt^^$tl^ B Trl2tem 
^if^ffi h 7 >^X:y*TrllCD^-X^»ftlgfbfflA'r 
— ^ h7>yX3 7 (i^T, ^-Xlglfc/8 b^>>?X^£: 
BS^-r^>)T$>0> y'J^>NPN/U^-7h7>y 
X^&£l^teGaAsHB TT#tfi££n&<> 
[ 0 0 3 5 ] JilSm^li^i^ h7>vX^TrlI(DX5 
37fi^tfe$tlT*3 0 > ^-XClte^-Xi&I&ffl h > 20 
>?X^ Trl2(7)X = ^y ^^^^^nri^o fit, ^ 

-xigifrfla h ^ >i?x? Tri2co^-xiiii:^jfc^^$ 

X&^R12te*git!l£nT^£o £6fC, ^-Xigf&fflh 
7>yX^Trl203t/^^«, :□ 

[ 0 0 3 6 ] ±tem^ii^ffl h^>^X^Trll<D^- 
Xfrte±fE-f >tf-y>X^^[Hlg§<hLTcOA^^^[Hl 30 

fflh7>y*X^ T rl 1 CD^< — X te, /H77fiftR13 
&^LT«»iW«l«SKVbb*«*l*StlT^*. £fc, « 

»i 3*^Lr3i/^^iigvcci;Si«$nT^5. j e 

LT, ±ga«*iii|@ffl h 7 >^X^Trll(D=i V 9 

zommm m*&j]m&m& 1 3 £^Lrm*i£*ia e 

/uTifiK^ntl^t^ttS. 4 0 

[ 0 0 3 7 ] 0 01t^th7>yX^«^ii« 
SK^ttSnU^^ftaitl cc<hfU^SiJ1»«JBEVbb<!:tDlltl 

^ >;xX^ Trl lte. A *f T X jg ta R 1 3 fC <fc o T . n% 

# — "7 N^>vX^C0^-X-X5>y^rBl£D^>^^^ 

ffl h 7 >y X ^ Trll(0^>^£E(ia*iSg^>mEE) Vbb_ 
onfi 

Vbb_on =Vbi 50 
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[ 0 0 3 8 ] C(DJfi$s3g:*>^J£Vbb_on£rte, ±12 

ifflffl^ffi Vbb<D*:*:fil£ Vbbjnax£*r£ fiJ*#£*Jffil 

V bbw= V bb_max — V bb_on 
= Vbbjnax- Vbi 

^JtSP^JEVbbwJ: 0 fc^-XigiJjffl h^>v?X^Trl2(D 
;*>mJEVbi5>*:tt:*:£< 
[ 0 0 3 9 ] CI-?, A y 7^ U CD^^mJE^X y yjU* 

4 t;K[?iJ8«i«© 4 . 8 v it fit, 

S*fiJ&HfSPSJE Vbb_maxj&*«j[I«JEa> 4 . 8 VJTtt 

x./t chT^ <t , ±.m<D Z£ < > u u ww ^ h ^ > 

yX^«t>tEVbi^O. 7 VT*0, GaAsHBT 
©t>lEVbittl.3VT^§^b, *J»ffJ^»JWfll 
JEVbbwO^^MJi. yUa>/H^-7 h7>y'X^ 
(0^^{3«Vbbv= 4 . 1 V <hft 0 , GaAsHBTOi^ 
(ctiVbb- 3 . 5 V <h&S. -Tfc:*>£, ±3abfc^<h 

U <DmMm&&4 . 8 VTOHS&^Jf#*llP«EE Vbbw<Z)fi 
*M^\ > 'J3>/H#-7F ^ > VX iCteV 
bbw= 3 . 4 Wfr 0 , GaAsHBT(Di^(:HVbb = 

/H^-7 h7>y*X^(Di^T2 0 %, GaAsHBT 
C|^T6 0%Ja<T#^<7)T ! ^^o 
[ 0 0 4 0 ] ±32 Ay t-U ©«*«ffi*^y^r;P 

?tll 1 -trJUJgj&tf) 3 . 6 Vfc^ff L^HAS. ±IB 
#A^Jt#$»JfPmiEVbb_max^^i^^jEcD 3 . 6 VfCH 
Afc^-T^i:, ^»fiJ^#J»«JEVbbw©S>cfitH, > 
ij3>/W#-7h7 >5/X^GDiI^-eteVbbw= 2 . 9 
V<hfc9, GaAsHB T<D«^-era:Vbbw= 2 . 3 V£fc 

>y t- U «2SmJE^ 3 . 6 VT<&*2»f»H#f&lffil«JE VbbwCB 
1^:1^, yij3>/H^-7 h7>yX^(Oi^CV 
bbw= 2 . 2 VC* 0 > GaAsH B TOl^l: Vbb= 1 . 

-7h7>yX^0|^t*3O%, GaAsHBT©!^ 
T 1 3 0%j£<-Tr££tf)T ! &£o 
[ 0 0 4 1 ] C(DJ:^{c, *^JS<D^ai«cJ;S«*<0« 

timm&iztt?&m®m&fflmmjzmm<nm*:m\*. /\* 

>vX^0O^^ctOt)GaAsHB TCD^^O^r^^:^ 



( 7 ) 

1 1 

[ 0 0 4 2 ] ^H^CO^^tC^tt^A^yT-Um^ 
1E04. 8 3. 6 V ^<Dffi'pm\Z&rt &n5hW& 

mffln.fr VbbwCO^/h^fS, M»E©4.8V^63. 
6 V-vCO^/Jn^^ 7 5 %7?$>^>CD(CMUT, ^'J3>A* 
h 7 >y7^«^ttt 7 0 %. GaAsHBT 

[0 0 4 3] t^t, ±IBfiJ#fWW«EEVbb^liBSg 
^">^JEVbb_on( = Vbi : ^ — Xigibffl h7>v ? 75'T 
r 1 2(Z)^-X - X ^ ^ ^ >m/£) ct 0 fS&^i^fCte, 
^-Xigtfc/B h ^ > vX* TrI2a**> LT«2>i8Sffl 

h7>yX^Trl]l;^-XllSr^-ef Lfcfl* 

vX^Trll'NCD^ — X^SKtt, — XIKHjJB h ^ > v 

m&fflWQLffi I bb£ 0 &>h<* H««-CJ:H. 

[ 0 0 4 4 ] -T 0»JA«, ilH/XyT 1 'J 
JErt<4. 8 V, S*tfJ^«/j(*m*J^mJEEVbb^S^*iJ 
&fflfB^mVbbjnaxT&*«^(Dffl;b 3 7yh 

(34.8dBm), t&ijtttiamm&s 0 mtim^mb 
m^m b7>is*?Tr\\(Dmffi.m<mmrf 1 0 30 

&oT. ^7Cf'Jf#^JfPm/£Vbb_[nax^C0Kj^^Jf#^ 1 0 

f^7< 71/-->3>$-2 OdBtt-St, 2js: h ^ > ->* 
X^^itBSgOfiHtfcJ^iSSte 3 0dB<hfc*. 

[ 0 0 4 5 ] fiJt#»j^itt. ii^dB#{4TfT^ 

Ot, *Ut#frJffl$SH3 0dB(£^^C7)l5dB#£, /W 

0 0 5 U 7 v h^-ee&A^ct^C £\Ztz&. Ltzrf-D 

X. mtlttlmMm&S %$LT{&TLfz£foj£LT>bs A* 40 

-f TX&triR 13*CgfE-rm»5«4 OdATJ: < , ^<-XI§g 

f&ffl h^>vX^Trl2©^< — X£ggUj-r3#<£>^$El 

2. 5oiA (ffi*0>ft«tf>^£#fla) ££fe-t*TfcfiR#SiJffl 

mSit I bbte 5 OmAg^t^S. -T/j:^^, *3kM<D1& 

miz&tf zmmmmnm i bbrau ^-xig»j/8 h ^ > v 

X^Trl2S:^JbnL^:l^^co^Jt#*iJP^i5f£ I bb= 1 2 
[ 0 0 4 6 ] ±®<D£olZ. ±Bd,mffi<DJ&mJZ*5^X 
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illIVbbi:^AW7XjllnR!3^^LT^^LT, ^ 

-*mmm h 7 >> ? xTri2^^->-r^s-e^. /W7 

X«RR 13^^bTfm«fflltiaSVbb^ €i«^iiBffl h 
7>yZ^TrIl^il^/H7Xt^J:^(:LT^§ fl 
Lfc#oT. *h^>v J X^^^iiipiii(c4ott^ll^fU 
t#0J^mJE Vbbwco^a^^-Xigljffl h7>y^^Tr 
12<7D^-X-X5 y >mE.V biftfclfft*:'? % C 

(omm$i i &&izmnx^Z) gzashb t (Dm&izxz 
< , &mi£mmmmttffimiz&wz/*yTvmmmi£<o 
fcT&Bimizvx'^m>mm4tizmmxzz>* 
[0047] <m 2mm<omt&>m 3 \z*mm<D&m<D 
b?>zsx*mtimm&iz&tf2>®&mx&z>o nxm 

BfflS^>> ? X^Tr21, ^-XlEiJlffl h zr > vX* Tr2 
2, 'S-xmffifllSSJHA'f T XijJiR21 ■ R2 2, Art filial 
S§2 1 ,ft^A7 l J^^2 2 , ajT^^rlElgS 2 3, n U^7^ 
^agVcc^cktXfiJfi^JPSaBVbbtt. illCit, Sfl 1 

nm<DMm\z&n zmiimimm h^>yx*Trii.^- 

XiElfrfl! h 7 > ~>~X^ TM2, ^-XtEMffl/H T X 
«ftRlPR12,A*«E^I§l»l l.W^A^jd^l 2, ft 

[ 0 0 4 8 ] ***©»HK*jirirtt, ±iam^A^^ 

f 22 f<-Xigij^ h^>^X^Tr22<7)^--X££ 
-T>tf-^>XIeIS&2 5 *^LT£«WK««LT^ 

fit, -r > tr-y>xiu& 2 5 fc&itso tr- 

-T £ (C £ (C «t o T^lccoffl \Z WifeX # ^> . Ifc^oT, 
C<D-r > tf-y>X®g§2 5 CJ;ot> ^-X^iftfflh 
7>yX^Tr22G)X5 7^ft<!:^- xmfi^W^^ 

[ 0 0 4 9 ] CUT, ±ffim^A*«IT-2 2 t^-X 

f^$na c^Cctot, 2 a^?$ 

nfc^f ^-T^ — Xigi^ffl h^>> ? X^Tr22C0X^>y^ 
Wi#LTfe, I^B#tC^-r^^-xm{5cD±#{'^ 
o T, ^ — XIEKjJE h 7 >vX^ Tr22CD^:-X-xa 

IB^-X«K»ffl 1- 5 >>?X^Tr22fiiE*fw»if^-r* C 
(h^t^Scfc -9 fCfc 0 • ^-Xffllbffl h 7 >vX^ Tr2 
2(C ct^l^illiffl b 7 >zSX? Tr2\<D<<-*mmmtl 

[ 0 0 5 0 ] L/t^oT, **lg©»IBK:j;n«, ±IB 
^^liiUffl h 7 > ^>*X ^ T r21(D^-X - X a y 9 ?%\Z 
Vbi##fiE-r 5 C t tC € S "T ^> * 7^ iiBffl h ^ 
> vX 9 Tr21C0^J^iST^^±$nT, HI 7^7 ft ^(Df 

[00 5 1] **JfiOJ&SB*C*5l^Tfi. ± 

$Zm'&$\Wnf£ VbbCDfl-^iiifis§g5i->mmVbb_on(DM 
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mxmmm b ? > v x * t m©^- xmmmti wmm 

3 . 6 VC»fTLTS*fil»«HWmfl£Vbb_nax^2 . 2 V 
<h&0. GaAsHBT^iirH^T-ch LTM 
li«Pi^^>m/EVbb_on ( 2 . 6 V ) £ 0 fc{£< fc^Tft 

t*. ±E«»«l«««VbbSi^6*fc«*it*iffl b^> 
vX*Tr21<D:t>mEEVbb_on#it5< , Idtf^ — K/>*C 
»KfiJcD^Tl>GaAsHBT£it«*^£LTffiV>£:» 10 

[ 0 0 5 2 ] B4I1 ±ib<> tr-y>xiEi?s 2 5 

25H fifiiRtO^^Li + t/V/^CtSiJlJ 
l:»«i!Lri^snt^O, ffiiaR. < ^ L 

[ 0 0 5 3 ] iilOct^;, #^JB<B^ffiSlC;fctr>T*l 

^ill, — Xffilb/fl h 7>S?XTrl2<DI5 *m 

r22<DX5 y ^Mt^-7ifitA^^(;i#Lt, 
A77{I^fCcfc3^-Xig®j/B h ^ >>?X^Tr22<7)^- 

[0054] -r&fr^, **nfi©^fi8fcctn«, ±e*i 

&fflfflmffiVbb*<ktfi§i|i«:*>«JEVbb_on(c ft 113 ft 

m b 7 > v x ^ t r 2 1 <d^- ^mmm-n <D{&T zmmL 30 

T> ttAttMjfl h^>^X^Tr2lCD*iH#fg;T£l£ii:T 

m<D&m&&&izmtiT^z> geash b rom&izxg 
[0055] ±ia-f > t? — ^ >xiem 2 5 «, 

±izB<Z> <£ -9 fC ^C — XiKI&JB h 5 > vX^ Tr22(DI 5 v 
9 m& £ ^- X mft <h o£ £ ft* fc m& 

t^^o Lfc^m, < > tr-y >x 2 5 <om#A*ai 
¥2 2M<D»m&m\** mnxfi^^ 2 2 & e^-xgg 40 

ifefflh^>vX^Tr21(D^ — X^STCOfoTtlTfecfctr^ 

c £ iz u % . 

[ 0 0 5 6 ] <»3MO»H'>H5i:*th7>yX 
^«*li«igT?H, ^-XSg&JB h^>;>*X*Tr32cD 
^-X£A?7^£»Ih1& 3 1 f*j££< >fcr-y>XlEl^3 

m^ii^ffi h^>> ? X^Tr3K^ — X^i&ffl h7>yX 
^Tr32. ^-X^ffigHSffl /W TX^fttR31 • R32, ft ^ 
A^^T-3 2 . tB^M^®S§ 3 3, ZJ U^^^aSVccisj: 
tffiJf#*iJPSil5VbbH H13{c^K-r. W,2nMV>teM\z 50 
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&rtz>m.-hmmm b >^x^Tr2i, ^-xigibffl 

>:/X ^ Tr22, ^-XlEiiffl/H T X jgJ/iR 21 ■ R 2 
2, ft *t A 7} 533^ 2 2 f ffl*jfi£lI18&23.=i lx**«iKV 

cc^cfc^^j^^j^maivbbiii^u^^^wbT^^, 

[ 0 0 5 7 ] *^jSfi<D^ffi(C*5^Tt>, ±IB-f>tr-^ 

>x0g§3 5(D-r> fcf-^>x ^^1: tcss^-r* C t\Z 

ctot. ^ — XiBIbffl h ^ >> ? X^Tr32c7)X^ y ^ ^ 
LfctfoT. #m«fflSffiVbb^*SiH8§:*>SJE 

vbb_onic«w^^< , xtiMmz&z^-xmwjm b 

7>yX^Tr320^- X - X 5 y ^ Pb 1 ! m JE (£> f£ T £ [hJ 

Hasans*! h ^ yitxfTTZw^-xmffimmm 

r3lcD^iJf#{5:T^^±LT, fcti tf m^omJE ^ rfij ± T*€T 

[ 0 0 5 8 ] <i 4 *ttO^I>0 6 iC^f h 7 >5/*X 

^-Xi:^77iif|lfflh^>> ? X^Tr4 1(D^-Xi:^-r 
> tf-^>XlnJg§4 5 ^^LT^MCMLTl^, 
N. ^16 4 , fC^tj-'2»m^li*iffl h^>vX^Tr41,^- 

xmmm b ? >^x ^ Tr42, ^-xmEEn se^ a< tx 

®JaR4!'R42, A?7^IhJ&4 1 ,(i^A77^^4 2 . & 

tim^mm 4 3 , □ ^«i»vcci5j:tf«»«w«* 

Vbbti, EJ3fc^-r> m2H*©^!Bfc*3^*±IH«* 
m^m h^>v f X^Tr21,^-X^ibffi h7>y^H 
r2 2, ^-XtEiiffl/H7Xi^R21 • R22, A^^^ 
0^2 1 , {^mA?]tm-T- 2 2 , tii77^^lHlS§ 2 3 , n U ^7 
^«aSVcc43«t^^Jt#*iJIW«aiVbbi:|SI Ci^^tlT 

[ 0 0 5 9 ] ^mS^^liJC^l^Tfc, ±!B<>e-^ 
>XiElg§4 5(D^ >fc!-y>X$rtt«fcSft£-rs d ch (C 
J:oT, X|g®jffi h ^ >> ? X^Tr42cDXS y ? W. 

#^>„ tfc^ot, fiJt#^J^m/EVbb^±ii|ii§i^>^m 
vbb_on(;:teg8«fc < . A Tiff ^{c ^Z^-xmmm b 
=? >vX^Tr42CD^ — X-I? 'y^r B 1^j!£cD{gT£:[El 
jB-T* C <h^T#, ^-XIKlfeffl h ^ > vX^Tr42(C 
^H^ttiiiSffih ^ >vX^Tr41©^-Xigi&^^© 

&mmW} & miz&\,*T *>mfjmmm b ? >vx^Tr4i 
[0060] $&2mffi<D&m^?&4nffie>j&miz& 

(C , ^-Xigi!jffih^>> ? X^Tr22 > Tr32,Tr42<?DX 
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©g§2 5,35,45CD^ > tf-y >X(Cct oT^I« 

[ 0 0 6 1 ] ±KSfl3 ,m4!£ft<Z>JgteKi3ttS-Y >fcf 
VXIhU® 3 5 , 4 5 te, MPL^m 4{C^T<>tf- 
y>X0g§2 5(D^t< . SJaRi^f > y & & L £.3r v 
/1~>* C ££fi^HC&l£LT#tJ5£T#3 C <h lit "9 3; T 
fcfc^. £fc> ±IE&< > fcf-y >*[h]S& 2 5 . 3 5 , 4 

h^>> ? X^Trll,Tr21,Tr31 > Tr410ZiU^ 
ch&^-XigiJjiH/B h ^ >> f X^Trl2, Tr22, Tr32, T 

tikdzju? ?mM£&&m<Dzi u 2 ymmvcctLT 

±SB*ffi<0JBS8tC*3^Tte, m^ii^ffi h 7 >yXTrl 
1©^-^ tfiJ^»Jffll«aRVbbi: &n-f TXffiJaR 13* 
* bT»ttLT«»*M*Vbba>5«*Jt«ffl h 7 > 

-y>X0i®£^LT&^LT^-XI§gI^ h7>y'X 
^^/£^fflcD&*<!:^-xigiJ>ffl >^x^fc^:^m 

[ 0 0 6 2 ] 

h ^ >^x nr±iBSfs i h^>v 

ibis 2 h ? > v x ? <d * tz&mz nfzm'&mm mm 

LfcOT, ±g2fg 2 h 7 >y # X^^t>t5St«, ± 

XT^3o 40 
[ 0 0 6 3 ] Lfc^^t, ±ffif«Jt#»JfiSlfflSfli(C cfc Z>m 

mmmmmmmmm^. ±ib^2 h^vvx^&^Lr 
<a*±fEfgi h^>vx*£A'<;rx^£J§^cD^*ij 

*§»J»«JE«iHJ: D ±lfii2 h7>yX^0^-X 
O^^JC^ntf . «2gmEE^(g:T$nT±SajpJ^*»J1SPffl 

[ 0 0 6 4 ] ffijRm2 \Z%Z>5£W<0 h 7>>?X* 
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h7>vX^C0^-X-X5 «;/*P B 1:*>^JE<h±tBSf§ 2 

ffll«JE«Sffl7&*»2 h7>yX^O^-X»I> v 
WJfl««©«ffi*«, ±f2il h7>yX^©^-X-x 

^ * *m*>mf£ti±tz&2 h^>> ? x^cD^-x-x 

ffl * aitc ct o t + ft m % £ ffl w x # s co -e* s . 
[ 0 0 6 5] £fa. m^m^\z%^^m<Dh^>^7.y 

b5>yx^£, /w h =7 >^X 
^"em^$nT±iB^ 1 h ^ >y7^©^-Xf:XS *y 

IT, ±12312 h ^ >yX^O^-X 1 

>-'x^co^-x(c^M$nfcft^A^^T<h^-r > tf- 
xzmm-t % z. tiz^-ox . ±azm^Ati 

3Smc&^£nTl>£±iEff! 2 h7>yX^^X57^ 
[0066] Lfc^^T, A^3fi^(C e toT^2 h^> 

±gais 2 h 7 >> ? x^co^-x- 

X> y *mm&<D&T$:MMT*Z2>o ^(Dl&m. ±E» 
2 K^>iyX^{C c fc^>±IE^ 1 h ^ > V s X ^ CO^ — X|g 

zfjttzmn mmmmmfr z ±mm i h ? > yx^o 

[ 0 0 6 7 ] ^fc. ^f^3S4 \Z$kZ>fZm<» V ? >zSX? 

t)m<mm<Dm 1 h7>yx^t, h ^ >>?x 

^-tr^^$nT±IB^ 1 h^>> ? X^CO^ — XfCX^ .y 

LT, ±IB^2 h5>vX^<7)^ — X<h±fB^l 

T, ±IB<> t!-y>XlHlS§CO<> fcf-y>X*i^^-T 

i^-xm^co^^^J^ffi^iatS^l^ffifCT^^o 
[0068] LAc^ot, A^ff^{:ctoT^ 2 h7> 
y'X^(DX5 u/ ^*&^±#-r*IKfC^~X«fi$'b± 
C<t^T€r, ±tZm 2 h ^ >i?X*<D'< — X - 

2h7 >> ? X^{c c t^)±fB^ 1 h^>> ? X^cD^-Xig 
0'±IB^Jt#^JPffim^^ t =>^fc±fB^ 1 h 7 >^X^co 
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[ 0 0 6 9 ] £7c, Ht^Jl 5 \Z%Z>%W<D V y >y*X^ 

££-f >e-^>x0!®T&ML*:<£>T\ ±iH-r>tf-. 

[ 0 0 7 0 ] l/c^ot, A*fl^{:<fcr3T^2 h7> 
2 h 5 >yX^tct 5±i23i 1 h^>~>~X^C0^-Xig 

[ 0 0 7 1 ] Sfc, ^^11 6 {C^^^HJO h ^ >>?X* 
fg7Jlf«leStt, ±IB/H^-7h7>yX^iLTGa 

ashb T^i^^0t, u^y ^mf£W3^m<Dmm 

[ 0 0 7 2 ] w, coii^Kte, it^Ji i \z%z>nm<n 
h?>isx?mjjmm®<DWi&i:mmiz, mmmuw 
m&mm^m 2 h7>yx^©^-x-i>y^f B u> 

>y'7^iLT, y'j3>/H ^ — h 7>yX^ J: 0 
^-X-Xv; ^ra*>«JEE*<*#l^GaAsH B T £ 

M^Jl 3 72rMW*3® 5 <D<*!tlfr—D\Z h 
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±§2SB2 h^>:>'X^CD^-X-x^ y ^P B imffiOigT 

LT, v U n WW #-7 h 7 > 0 S)±fB*iH# 

^^GaAsH B T^ffl^Tt), ± IB * > ^JEE IZ ftfr 6 "i* 
±121112 h ? >zs7.9 \Z&Z>W, 1 h7>yX5'W / <-X 

10 [01] ZL<Of£*R<D h ^ > xX^m7jit«(g|g«C*3tt^lEl 

& 0 t * * . 

[@2] 0 i tc^-r h 7>isx*mjjmm&\z&vz>z3 
imz) 0 i ^fcts&s h y > isx9mjjm$smiz&v 

3[eI{&0T&£o 

[H4] m 3 tc*5tts-f > tf-y >7>\E\&&m&#)izm 
ims] m i &<kz*m 3 h ^ >isx?nt>m 

20 MW£*t?*l£lttB|-?««. 

[06] 0 1 , 0 3 &J;tf0 5 tlt&tzZ b =7 >is7s* 

[08] ia7JC^T^3fea)«^i9fi«JC:^^S3U^^ 

«at 1 cctfmafwsjEvbbiicoiiiasr^-rEn?**. 

1 1,2 1,3 1.4 12,22,32, 
4 2 -m#A7jS»^, 1 3,2 3,3 3,4 3 -m/jl^ 
30 Eelg§, 2 5,3 5,4 5 »-f>i;-y>XiB, Trll.T 
r 2 1 , Tr31, T r4 ! - m 7J H*Sffi h y>V7,* . Trl2, Tr 
22, Tr32, T r42 - ^- X IB Ujffl h ^ >^X^, R 11, R 1 
2.R13, R21.R22, R31,R32,R41,R42 — /t<7Xfi 
fix, vcc- n U * ^miH, Icc-nu^ 
*«fflt. Vbb-fiJ«M*P«K. I bb-« 

*f»Jffii«»t. C-^t/ty^, L — 
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[^ffi«IE 1 ] 

miEttfkmm&] mmm 
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